Abstract
INTRODUCTION
infection is the most common viral infection worldwide. It is estimated that more than 2 billion people worldwide have been infected with HBV, and more than 350 million people have developed chronic hepatitis B (CHB) [1] . HBV infection is associated with an increased risk of end-stage liver disease, cirrhosis, and hepatocellular carcinoma (HCC) [2] [3] [4] . Prospective population-based studies have shown that 15% of females and 20%-40% of males who are infected with HBV in the early stages of life will develop HCC [5] . It is estimated that approximately 300000 to 500000 people worldwide die from HCC every year [6, 7] . In China, HCC is the 4th most common cancer and the 3rd leading cause of cancer death [8] , and approximately 50% of the new cases of HCC each year worldwide occur in China [9] . Protein induced by vitamin K absence or antagonist II (PIVKA-II) and alphafetoprotein (AFP) are widely used biomarkers in HCC diagnosis [10] [11] [12] [13] , and have been written into the guidelines for HCC diagnosis published by the National Society of Hepatology of different countries [14] [15] [16] . During clinical use, the sensitivity of AFP in the diagnosis of HCC is only 40%-60%, and the sensitivity of AFP in the diagnosis of early-stage HCC is only 10%-20% [17, 18] . PIVKA-II is a kind of prothrombin that does not use vitamin K in the process of hepatocyte synthesis, leading to a synthesis deficiency. When HCC occurs due to the abnormal synthesis of prothrombin precursors by cancer cells, prothrombin precursor carboxylation is insufficient, resulting in a large amount of PIVKA-II [19] . As a newly discovered tumour marker for the diagnosis of HCC, PIVKA-II has higher diagnostic value than AFP [20, 21] . Some studies have shown that PIVKA-II has a sensitivity of more than 90% in HCC diagnosis, while its sensitivity for early-stage HBV-related HCC detection is more than 50% [12, 22, 23] . When PIVKA-II and AFP are combined in HCC and early-stage HCC diagnosis, the diagnostic value is significantly improved compared to that of the detection of either individual protein [23] [24] [25] [26] . Gamma-glutamyltransferase (γ-GT) is a membrane-binding enzyme that regulates the metabolism of glutathione, catalyses the degradation of extracellular glutathione, and then promotes the recovery of amino acids for intracellular glutathione synthesis. γ-GT has been recognized as being capable of enhancing the cellular antioxidant defence [27] . The level of γ-GT is abnormally elevated in patients with HCC. However, in other liver diseases, such as viral hepatitis, alcoholic hepatitis, and cirrhosis, the level of γ-GT is also abnormally elevated [28] [29] [30] [31] [32] . Therefore, for a long time, γ-GT could not be used as an effective index to diagnose HCC, and its specificity is only approximately 30% [33] . Aspartate aminotransferase (AST) is a biomarker commonly used to evaluate hepatocyte damage. The level of AST is elevated in acute and chronic viral hepatitis, alcoholic hepatitis, and cirrhosis. In HCC patients, AST is not elevated or is only slightly elevated [34, 35] . Based on these observations, we believe that the ratio of γ-GT to AST (γ-GT/AST ratio) may be able to differentiate HCC from other liver diseases, aiding in the diagnosis and evaluation of HCC. At the same time, we also wanted to know whether the combination of the γ-GT/AST ratio and PIVKA-II or AFP, which are recognized biomarkers for the diagnosis of HCC, can improve the diagnostic value of PIVKA-II or AFP for HCC.
MATERIALS AND METHODS

Study setting and patients
A total of 535 patients with CHB, including 176 HCC patients and 359 CHB patients with other liver diseases, were retrospectively enrolled at the Affiliated Hospital of Northern Sichuan Medical College from January 2017 to March 2019. Among the 176 HCC patients, 74 early-stage HCC patients, 88 HBV DNA+ HCC patients, and 88 HBV DNA-HCC patients were included. The diagnosis of HCC was made in accordance with the standards of the guidelines for the diagnosis and treatment of primary HCC issued by the Chinese Society of Clinical Oncology (2018.V1). Earlystage HCC was defined as the presence of only a single tumour in the liver that was ≤ 5.0 cm, with no vascular invasion or extrahepatic metastasis [13, 14] . A total of 359 CHB patients, including 186 with cirrhosis, 53 with cholecystitis, 37 with bile duct stones, 21 with drug-induced hepatitis, 51 with alcoholic hepatitis, 8 with hepatitis E infection, and 3 with hepatitis C infection, were included (258 HBV DNA+ patients and 101 HBV DNA-patients). The diagnosis of CHB and cirrhosis was in accordance with the revised guidelines for the prevention and treatment of CHB infection from the Chinese Society of Hepatology [36] . The study protocol was approved by the Ethics Committee of the Affiliated Hospital of North Sichuan Medical College, Nanchong, China.
Measurements of γ-GT, AST, PIVKA-II, AFP, and HBV DNA
Serum levels of γ-GT and AST were determined by biochemical rate-assay (AU5800, Beckman Coulter, Inc., America). Serum levels of PIVKA-II were determined by chemiluminescent microparticle immunoassay (CMIA) (Architect i1000, Abbott Laboratories, America). Serum levels of AFP were measured by electrochemiluminescence immunoassay (Cobas E602, Roche, Inc., Germany). Serum levels of HBV DNA were determined by real-time polymerase chain reaction (LightCycler 480II, Roche, Inc., Germany). The results were interpreted as follows: HBV DNA ≥ 500 IU/mL, positive (HBV DNA+); and HBV DNA 500 IU/mL, negative (HBV DNA-).
Data processing for combined evaluation of γ-GT/AST ratio, PIVKA-II, and AFP
The receiver-operating characteristic (ROC) curves were used to determine the diagnostic cut-off values of the γ-GT/AST ratio, PIVKA-II, and AFP for HCC. The fold change in the γ-GT/AST ratio, PIVKA-II, and AFP relative to the corresponding diagnostic cut-off values are expressed by the M cut-off . This study evaluated the diagnostic value of the combined detection of biomarkers in HBV-related HCC by analysing the sums of the M cut-off of the corresponding biomarkers.
Statistical analysis
Data are expressed as the median (interquartile range) or number (%). Comparisons between groups were performed by the Mann-Whitney U test. Pearson's chi-square test was used for gender comparisons. Pearson correlation analysis was used for twofactor correlation analysis. ROC curves were used to determine the diagnostic cut-off values, the areas under the ROC curves (AUROCs), diagnostic sensitivities, and specificities. Statistical analyses were performed using SPSS, version 19.0 (SPSS Inc., United States) and Medcalc, version 12.3 (MedCalc Software bvba, Ostend, Belgium). The statistical significance of all tests was defined as P < 0.05 by two-tailed tests.
RESULTS
Comparison of clinical characteristics between HCC group and chronic hepatitis B group
The clinical characteristics of 176 patients with HCC and 359 patients with CHB (control group) are expressed as medians (interquartile range) or numbers (%). The data showed that the sex of the patients in the two groups was predominately male, and the median age of HCC patients was 53 (range, 47-62) years old, which was higher than that of the CHB group [49 (39-59) years] (P < 0.001). Serum levels of PIVKA-II, AFP, γ-GT, and γ-GT /AST ratio in HCC patients were significantly higher than those in CHB patients (P < 0.001), while serum levels of AST were significantly lower in HCC patients than in CHB patients (P < 0.001). The clinical characteristics of the 535 study patients are shown in Table 1 .
Diagnostic value of γ-GT/AST ratio, PIVKA-II, and AFP in early-stage HCC and HCC patients
Tumour size was positively correlated with serum levels of PIVKA-II and AFP in HCC patients (r = 0.529, a P < 0.001 and r = 0.270, b P < 0.001, respectively), but there was no correlation between tumour size and the γ-GT/AST ratio (r = 0.073, P = 0.336) ( Figure 1 ). Serum levels of PIVKA-II and AFP in early-stage HCC patients were significantly lower than those in advanced HCC patients (P < 0.001) and were higher than those in CHB patients (P < 0.001). The γ-GT/AST ratio was not significantly different between early-stage HCC patients and advanced HCC patients (P = 0.156), but higher than that in CHB patients (P < 0.001) (Figure 1 ).
When the cut-off values of the γ-GT/AST ratio, PIVKA-II, and AFP were set as 0.845, 84.44 mAu/mL, and 145.65 ng/mL, respectively, for the diagnosis of earlystage HCC, the AUROC of the γ-GT/AST ratio was 0.754 [95% confidence interval (CI): 0.700-0.809], which was lower than that of PIVKA-II [0.835 (95%CI: 0.776-0.893)] (P = 0.048) and was higher than that of AFP [0.621 (95%CI: 0.545-0.698)] (P = 0.006) ( Figure 2A ). When the cut-off values of the γ-GT/AST ratio, PIVKA-II, and AFP were set as 0.845, 162.22 mAu/mL, and 145.65 ng/mL, respectively, for HCC diagnosis, there was no difference in the AUROC between the γ-GT/AST ratio Table 2 .
Diagnostic value of γ-GT/AST ratio, PIVKA-II, and AFP in HBV DNA+ and HBV DNA-HCC patients
The mean tumour size of HBV DNA+ HCC patients was 7.40 (range, 4.10-10.38) cm, which was larger than that of HBV DNA-HCC patients [4.25 (2.00-8.80 ) cm] (P = 0.001). Serum levels of PIVKA-II and AFP in HBV DNA+ HCC patients were significantly higher than those in HBV DNA-HCC patients ( a P = 0.003 and b P = 0.038, respectively), although there was no significant difference in the γ-GT/AST ratio between the two groups (P = 0.858). Serum levels of AFP and γ-GT/AST in HBV DNA+ CHB patients were significantly higher than those of HBV DNA-CHB patients (P < 0.001), but there was no significant difference in the levels of PIVKA-II between the two groups (P = 0.238). Serum levels of PIVKA-II, AFP, and γ-GT/AST had no correlation with serum levels of HBV DNA in HBV DNA+ HCC patients ( c P = 0.377, d P = 0.799, and e P = 0.154, respectively) ( Figure 3 ). When the cut-off values of the γ-GT/AST ratio, PIVKA-II, and AFP were set as 0.640, 84.44 mAu/mL, and 497.70 ng/mL, respectively, for HBV DNA+ HCC patients, there was no significant difference in the AUROC between the γ-GT/AST ratio [0.802 (95%CI: 0.751-0.854)] and AFP [0.757 (95%CI: 0.689-0.825)] (P = 0.302), but the AUROCs of both γ-GT/AST and AFP were significantly lower than that of PIVKA-II [0.954 (95%CI: 0.923-0.985)] (P < 0.001) (Figure 4 ). When the cut-off value of the γ-GT/AST ratio, PIVKA-II, and AFP were set as 0.830, 154.92 mAu/mL, and 146.15 ng/mL, respectively, for the diagnosis of HBV DNA-HCC, the AUROCs of PIVKA-II and AFP were 0.861 (95%CI: 0.806-0.916) and 0.828 (95%CI: 0.768-0.888), respectively, and both of these AUROC values were significantly higher than that of the γ-GT/AST ratio [0.705 (95%CI: 0.632-0.779)] ( f P < 0.001 and g P = 0.012, respectively), although there was no significant difference between the AUROCs of PIVKA-II and AFP (P = 0.430) ( Figure 5 ). Compared with HBV DNA+ HCC patients, the AUROCs of PIVKA-II and the γ-GT/AST ratio decreased and the AUROC of AFP increased in HBV DNA-HCC patients.
When PIVKA-II was combined with AFP and the γ-GT/AST ratio in both HBV DNA+ and HBV DNA-HCC patients, there were no significant differences in the AUROCs between combined diagnosis and single diagnosis (AFP:
h P = 0.791 and i P = 0.583; γ-GT/AST: j P = 0.851 and i P = 0.959). The AUROC of AFP combined with the γ-GT/AST ratio in the diagnosis of HBV DNA+ HCC patients was 0.868 (95%CI: 0.824- 0.913), which was higher than that of AFP (P = 0.008). The highest AUROC for the combined diagnosis of HBV DNA-HCC was 0.884 (95%CI: 0.837-0.932), but there was no significant difference between this AUROC and the AUROC of PIVKA-II (P = 0.533) ( Figure 5 ). The diagnostic performance of PIVKA-II, AFP, and the γ-GT/AST ratio for HBV DNA + and HBV DNA-HCC patients is shown in Table 3 .
DISCUSSION
This study assessed the diagnostic value of the γ-GT/AST ratio, PIVKA-II, and AFP in HBV-related early-stage HCC patients, HBV DNA+ HCC patients, HBV DNA-HCC patients, and HCC patients. It was found that PIVKA-II was superior to the γ-GT/AST ratio and AFP in the diagnosis of the above mentioned categories of HCC, and the γ-GT/AST ratio was superior to AFP in the diagnosis of early-stage HCC, HBV DNA+ HCC, and HCC. AFP was superior for the diagnosis of HBV DNA-HCC compared to the diagnosis of early-stage HCC, HBV DNA+ HCC, and HCC. The γ-GT/AST ratio may be superior to PIVKA-II and AFP for the detection of early-stage HCC. At the same time, the combination of PIVKA-II and/or AFP with the γ-GT/AST ratio can improve the diagnostic value of these biomarkers for early-stage HCC, DNA+ HCC, HBV DNA-HCC, and HCC. According to the statistical analysis of HCC at our hospital over the past five years, the proportion of HCC patients infected with HBV was 88.28% (610/691), indicating that HBV was the main cause of HCC in China. The HCC patients and control patients who were chosen for this study had suffered from HBV infection for more than 6 mo, and it was very important to evaluate the serum levels of PIVKA-II, AFP, and γ-GT/AST and their diagnostic value in this subset of HCC patients.
In this study, we evaluated the diagnostic value of the combined detection of PIVKA-II, AFP, and the γ-GT/AST ratio in HCC by analysing the M cut-off results, which were mainly based on the following two considerations: First, in the diagnosis of cancer, a higher serum level of tumour markers indicates a higher risk that patients are suffering from tumours; second, the positivity of a single tumour marker does not necessarily indicate that the probability of cancer is high. However, the simultaneous positive expression of multiple tumour markers, even at low titres, should be taken seriously. Therefore, the use of the M cut-off to evaluate the diagnostic value of PIVKA-II, AFP, and the γ-GT/AST ratio can effectively improve the diagnosis of HCC, and the data in this study also confirmed the hypothesis stated above. γ-GT is considered a biomarker of alcoholic hepatitis [29] [30] [31] [32] , and the γ-GT/AST ratio has been used to differentiate the types of jaundice [37] . The data in this paper showed that serum level of γ-GT increased in CHB patients, but the level was lower than that in HCC patients. Additionally, serum level of AST also increased in CHB patients and was higher than that in HCC patients (Table 1) . Therefore, the ratio of γ-GT and AST could help to differentiate HCC and CHB patients and to perform a differential diagnosis. At the same time, the statistical analysis also confirmed our previous assumptions.
Cut-off SEN (%) SPE (%) PPV (%) NPV (%) Cut-off SEN (%) SPE (%) PPV (%) NPV (%)
When PIVKA-II, AFP, and the γ-GT/AST ratio were individually used for the diagnosis of early-stage HCC, HBV DNA+ HCC, HBV DNA-HCC, and HCC, the diagnostic value of PIVKA-II was significantly higher than that of AFP and the γ-GT/AST ratio, especially in regard to the diagnostic sensitivity, which is consistent with the view of Yu R; additionally, PIVKA-II was superior to AFP in the diagnosis of early-stage HCC [13] . However, we should also note that PIVKA-II and AFP were significantly positively correlated with the tumour size in HCC ( Figure 1A and 1B) , which is an important reason why PIVKA-II and AFP had significantly lower diagnostic value in early-stage HCC than in HCC (AUROC: 0.839 vs 0.914 and 0.628 vs 0.744, respectively). The γ-GT/AST ratio was not correlated with the tumour size in HCC ( Figure 1C) , and there was no difference in the AUROC between early-stage HCC and HCC (AUROC: 0.755 vs 0.779). Therefore, we inferred that the γ-GT/AST ratio may be more useful than PIVKA-II and AFP in the diagnosis of early-stage HCC. It may be that intrahepatic obstruction in HCC induces hepatocytes to produce abundant γ-GT, while cancer cells also synthesize γ-GT, making the serum level of γ-GT elevated higher than that of benign liver disease, while AST was elevated lower than that of benign liver disease. Thus, the γ-GT/AST ratio is conducive to early-stage HCC diagnosis. This observation will be validated in our follow-up study. Serum levels of AFP in HBV DNA+ HCC patients and HBV DNA+ CHB patients were significantly higher than those in HBV DNA-HCC patients and HBV DNA-CHB patients, respectively, indicating that HBV replication may promote the expression of AFP in abnormal hepatocytes. It is more of a stretch to assume that the continuous replication of HBV causes HCC in CHB patients. This observation may be the main reason that the cut-off value of AFP in HBV DNA+ HCC patients was significantly higher than that in HBV DNA-HCC patients (497.70 ng/mL vs 146.15 ng/mL). Additionally, AFP had the largest AUROC in HBV DNA-HCC patients, even though the tumour size of HBV DNA-HCC patients was smaller than that of HBV DNA+ HCC patients; thus, AFP has the greatest diagnostic ability for HBV DNA-HCC. Serum levels of PIVKA-II in HBV DNA+ HCC patients were higher than those in HBV DNA-HCC patients, but there was no significant difference between HBV DNA+ CHB patients and HBV DNA-CHB patients, which indicated that the reason for the decrease in the AUROC of PIVKA-II in HBV DNA-HCC have been that the tumour size of HBV DNA-HCC was significantly smaller than that of HBV DNA+ HCC. A higher AUROC value indicates that there is greater diagnostic value [38] . When PIVKA-II and AFP were combined with the γ-GT/AST ratio in the diagnosis of earlystage HCC, HBV DNA+ HCC, and HBV DNA-HCC, the AUROCs of PIVKA-II and AFP increased, and the increase for AFP was especially larger. Therefore, PIVKA-II and AFP combined with the γ-GT/AST ratio will be more useful for the differential diagnosis of HCC and other benign liver diseases than these biomarkers individually.
In conclusion, the γ-GT/AST ratio may be more useful than PIVKA-II and AFP in the diagnosis of early-stage HCC, and AFP has the greatest diagnostic ability for HBV DNA-HCC. PIVKA-II and AFP combined with the γ-GT/AST ratio can increase the diagnostic value of these biomarkers in different types of HCC. Therefore, clinicians need to select the most advantageous biomarkers for HCC according to clinical and laboratory test results. 
ARTICLE HIGHLIGHTS
Research background
Protein induced by vitamin K absence or antagonist II (PIVKA-II) and alpha-fetoprotein (AFP) are widely used biomarkers in the diagnosis of hepatocellular carcinoma (HCC), and have been written into the guidelines for HCC diagnosis published by the National Society of Hepatology of different countries. However, PIVKA-II and AFP have unsatisfactory specificity and sensitivity in the diagnosis of hepatitis B virus (HBV)-related HCC, especially in early-stage HBV-related HCC.
Research motivation
Researchers have evaluated the diagnostic value of biomarkers in HCC. However, it is difficult to obtain ideal biomarkers for early-stage HCC, even if combined detection of existing biomarkers. This study evaluated the diagnostic value of the ratio of gamma-glutamyltransferase to aspartate aminotransferase (γ-GT/AST ratio) in different classifications of HBV-related HCC, which can effectively improve the diagnostic efficiency for HBV-related HCC.
Research methods
We retrospectively analyzed the clinical and laboratory data of HBV-related HCC and chronic hepatitis B (CHB) patients, and classified those data according to the tumour size and serum level of HBV DNA. The diagnostic value of the γ-GT/AST ratio, PIVKA-II, and AFP in different categories of HBV-related HCC was evaluated comprehensively and systematically.
Research results
Tumour size was positively correlated with serum levels of PIVKA-II and AFP in HCC patients, but there was no correlation between tumour size and the γ-GT/AST ratio. The areas under receiver-operating characteristic curves (AUROCs) of the γ-GT/AST ratio were not significantly different between early-stage HBV-related HCC patients and HBV-related HCC patients. When PIVKA-II and AFP were combined with the γ-GT/AST ratio in the diagnosis of HBV-related HCC patients, early-stage HBV-related HCC patients, HBV DNA+ HCC patients, and HBV DNA-HCC patients, the AUROCs of those biomarkers were increased.
Research conclusions
The γ-GT/AST ratio is a useful biomarker for the diagnosis of HBV-related HCC and may be more useful than PIVKA-II and AFP in the diagnosis of early-stage HBV-related HCC. The combination of PIVKA-II and AFP with the γ-GT/AST ratio can enhance the diagnostic value of these biomarkers in different categories of HBV-related HCC.
Research perspectives
This study assessed the diagnostic value of the γ-GT/AST ratio, PIVKA-II, and AFP in different categories of HBV-related HCC. According to the correlation between tumour size of HBVrelated HCC patients and the γ-GT/AST ratio, we inferred that the γ-GT/AST ratio may be more useful than PIVKA-II and AFP in the diagnosis of early-stage HCC. This hypothesis should be validated in future studies.
